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Introduction
Paravertebral block (PVB) is an alternative to general anaesthesia (GA) for breast surgery. However, for extensive surgery multiple punctures are needed increasing the immanent risk of the method. The purpose of this study was to evaluate PVB via catheter and injections at three different levels. Primary outcome was the quality of postoperative analgesia, in particular, the number of patients requiring additional morphine.
Methods
In a randomised single blinded clinical study patients scheduled for breast surgery including axillary approach, were randomly allocated to different anaesthetic techniques, n = 35 each. Patients received either GA with sevoflurane or PVB with catheter at level Th 4. In PVB-patients a 1:2 mixture of bupivacaine 0.5% and lidocaine 2% with adrenaline was injected sequentially 10 ml each at three different levels.
Results
Complication-free catheter insertion was possible in all 35 scheduled patients. The need for postoperative analgesics was higher after GA compared to PVB (22 vs.14 patients); p = 0.056. Postoperative morphine consumption was 1.55 (GA) and 0.26 mg (PVB) respectively (p < 0.001). Visual rating score (VRS) for pain at rest and at movement was higher in GA patients on post anaesthesia care unit (PACU) as well as on the ward at 1 -6h and 6 -12h. Readiness for discharge was earlier after PVB (4.96 and 6.52 hours respectively). After GA the incidence and severity of postoperative nausea and vomiting (PONV) was higher, though not significantly. Patients' satisfaction was comparable in both groups.
Introduction
Benefits suggested for paravertebral block (PVB) alone or combined with general anaesthesia in breast surgery are improving postoperative pain control and pulmonary function, decreasing cancer recurrence and reducing length of hospital stay [1] [2] [3] [4] . Failure rates of up to 20% have been reported after single injection PVB [5, 6] . For radical mastectomy including axilla revision sufficient analgesia has to be provided for at least nine dermatomes, C6-Th 6 [7] . Attempts have been made to acquire adequate surgical conditions by applying multiple paravertebral injections [8, 9] . Considering the potential risks of paravertebral block [10] [11] [12] [13] and the stress for the patients a limitation of punctures seems to be preferable. Inserting a paravertebral catheter far enough and in proper position offers the opportunity to apply the anaesthetic agent at different sites with one puncture only, by moving the catheter backwards after each injection. Up to now there is no such study.
The purpose of our study was to evaluate a single-puncture, three-injection technique via catheter as a sole anaesthetic technique in extensive breast surgery comparing it to standard general anaesthesia. First objective was its effect on postoperative analgesic quality regarding number of patients requiring analgesics. Additionally we repeatedly recorded the postoperative pain scores until 24 th hour and the total dosage of IV morphine given as a rescue drug. Further objectives were readiness for discharge, incidence of postoperative nausea and vomiting and patients' satisfaction.
Methods
This is a prospective, randomized, single-blinded clinical trial. There is currently no similar study running within our department. 
Patients
Female patients, with ASA (American Society of Anesthesiologists) risk score I-III undergoing unilateral mastectomy surgery with axillary dissection (radical lymph node removal) were enrolled. Exclusion criteria were general infection and local infection at the site of puncture, anatomic deformities of the thoracic spine, coagulation disorders, allergy against local anaesthetics or contrast agents (Iopamiro 300), pregnancy or breast-feeding and BMI 30 kg/m 2 .
Patients were randomly assigned to two groups by using block-of-four method, general anaesthesia (GA) or paravertebral block (PVB). Preoperative preparation, similar for all patients. After arrival at the OR standard monitoring was applied including ECG, non-invasive blood pressure and pulse oximetry. Midazolam 0.05 mg per kilogram bodyweight (kgbw) was given intravenously to achieve mild sedation.
General anaesthesia (GA)
Anaesthesia was induced intravenously with 1.5-2 mg/kg propofol, fentanyl 1-2 mcg/kg and atracurium to facilitate tracheal intubation, and maintained with sevoflurane in oxygen and air 50:50%. Additional Fentanyl 1-2 mcg/kg was administered on discretion of the anesthesiologist.
Paravertebral block (PVB)
Paravertebral block was performed by the first author (P.S.) only with the patient in prone position modifying the technique described by Eason and Wyatt [7] . Modification included the position of the patients which was described by Eason and Wyatt either lateral with the side to be blocked uppermost or sitting upright. Similar to them was the direction of the needle during puncture. An 18-gauge Tuohy needle without stylet but with a saline filled syringe attached was inserted perpendicular to the skin at T3-T4 interspace. The needle was advanced ultrasound-guided using transverse view out-of-plane technique and if necessary directed cephalad parallel to the spine until loss of resistance (LOR). An end-hole 20-gauge catheter was advanced 8 cm beyond needlepoint into the paravertebral space, the manoeuvre rated as 'easy', 'difficult' (change of needle direction, use of saline solution for dilatation), or 'impossible'. In four randomly selected patients the catheter was visualized by fluoroscopy after injection of 1.0 ml contrast agent, Iopamiro 300. Three 10 ml volumes of a 1:2 mixture of bupivacaine 0.5% and lidocaine 2% with adrenaline 1:200,000 were slowly-about 5 min total-injected. After the first injection, the second was administered while withdrawing the catheter 2 cm, and the third while withdrawing the catheter another 2 cm. Next the catheter was removed. Patients were returned into supine position. After 25-30 minutes anaesthetic effect and sensory blockade were assessed once using pin-prick and the patients were moved into the operating room. Before start of surgery we administered a single IV bolus of 0.5 mg/kg ketamine followed by continuous target-controlled infusion (TCI) of propofol aiming at effect site concentration (Ce) of 1-1.5 mcg/mL to allow spontaneous breathing. Should skin incision or further surgical approach not been tolerated, the regional block would be graded insufficient followed by switch to general anaesthesia.
Data collection and systemic pain treatment
Patients' biometric and outcome data (complications) were recorded as well as details of the clinical course, such as amount of anaesthetics used, operation time, surgical difficulties, hemodynamics and oxygenation. At postoperative care unit (PACU) the pain score was assessed at rest and on movement of the shoulder every 15 minutes until 60 minutes using visual rating scale (VRS) from 0 (no pain) to 10 (worst imaginable pain). All patients received one tablet of Ultracet (tramadol plus acetaminophen) and Celebrex 200 mg twice a day. Additional analgesia was provided on demand by IV morphine 0.04 mg/kg boluses with a 15-min dosing interval to maintain VRS-score < 3. Time to first analgesic demand and 24-hr analgesics consumption were recorded. Postoperative nausea and vomiting (PONV) was assessed using a 3-point scale, 0 = no nausea, no vomiting; 1 = nausea, no vomiting; 2 = vomiting with or without nausea. Ondansetron 0.15 mg/kg was administered to patients with PONV score 1. Complications recorded included Horner's syndrome, epidural spreading, hypotension (25% reduced from baseline), hypoxia (oxygen saturation < 96%) and adverse effects of local anaesthetics. Patients were checked at 6, 12, and 24 hours postoperatively for adverse effects, pain score, and satisfaction score (1 = poor, 2 = fair, 3 = good, and 4 = excellent). Residents and nurses on PACU and surgical ward both were blinded to the treatment groups. Readiness for discharge was determined by an experienced nurse on the ward, using the Post Anaesthetic Discharge Scoring System (PADSS) [14] , notwithstanding that a fixed 2-day surgical discharge protocol was applied. The PADSS scoring includes vital signs, mental status, PONV, bleeding and patients' intake/output.
Statistics
Parametric data are expressed as mean ± SD, and non-parametric data as median (range). Intervals, such as duration of surgery, duration of anaesthesia, and PACU time were tested using Mann-Whitney U test. Normality of distributions was tested using the Shapiro-Wilk test. In case of lacking normal distribution data were expressed as median (range). Data were then analyzed using Friedman test. The Mann-Whitney U test was used to analyze differences between the study groups. For post-hoc analysis Wilcoxon's signed rank tests was used.
Repeated measures analysis of variance were used to compare the groups regarding visual rating score (VRS) over the entire time of evaluation period. The relation between anaesthetic techniques and incidence of complications was evaluated by chi-square or Fisher's exact test as appropriate. Statistical analyses were performed using SPSS v20.0 for Windows (SPSS Inc., Chicago, IL, USA). All tests are two-sided and a p-value of < 0.05 was accepted as statistically significant.
To calculate the sample size the number of patients requiring postoperative morphine in addition to routinely given NSAID was used. The study best comparable to ours was published by Push et al. [15] comparing single shot paravertebral anesthesia with general anesthesia in patients with unilateral breast surgery. The authors reported 13 out of 42 patients (31%) with GA required postoperative NSAID plus opioids compared to 0 out of 44 with paravertebral block. With type I error of 0.05 and power 80%, 22 patients per group were needed. To compensate unpredictable drop outs and giving the study more strength 35 patients per group were included.
Results
There were no drop outs; all 70 patients enrolled completed the study protocol undergoing unilateral mastectomy surgery with axillary dissection as planned (Fig 1) .
All patients with paravertebral block (PVB) had sufficient surgical analgesia, without the need of conversion to general anaesthesia (GA). Perioperatively hemodynamics and oxygenation were stable in all patients. Propofol administration in PVP-patients was 52.6 ± 16.5 mcg x kg
. There were no complications during the investigation period, neither generally nor related to the respective anaesthetic procedure. Patients' biometric characteristics and risk scores were similar in both groups ( Table 1) .
As demonstrated in Table 2 duration of surgery and PACU time were similar in both groups, whereas anaesthesia time was significantly shorter in GA-compared to PVB-patients with 100 and 120 minutes respectively. Time to readiness for discharge was significantly longer in patients with GA.
In seven patients with PVB the catheter insertion was rated 'difficult' requiring either additional saline solution to dilate the anatomic space (n = 2; 5.7%) or manipulation (5; 14.3%). In four randomly selected PVB-patients with contrast agent application fluoroscopy demonstrated catheters in correct position without kinking or drifts. In all 4 samples the 1 st rib and the contrast media at needle insertion site at T4 and all the way up to T1 level could be easily recognised, which was confirmed by an experienced radiologist. More patients after GA needed postoperative analgesics (Table 3) , which was significant on PACU (14 (40%) vs. 4 (11%); p = 0.006) but not on ward (p = 0.229) and just nearly for the entire stay (p = 0.056).
Data for morphine consumption and VRS on PACU and on ward did not show normal distribution; therefore they are presented as median and range (Tables 4-6 ). Analgesic consumption was significantly greater in patients with GA (Table 4) , and so was the pain score (VRS) at rest and at movement (Tables 5 and 6 ) at almost any time (PACU and ward). Interval to first analgesic demand was significantly shorter in GA patients compared to PVB with 43.8 ± 59.9 and 56.7 ± 33.8 min respectively (p = 0.043).
Incidence of nausea and vomiting (PONV) was 0-5.7% on PACU with maximum 45 minutes after surgery, and 5.7%-22.9% on the ward with maximum 1-6 hours postoperatively. Overall incidence and severity of (PONV) was higher after general anaesthesia, but the difference was not significant. Nineteen patients (54.3%) after GA reported sore throat. Patient satisfaction was comparable in both groups rated as 'very good' or 'excellent'.
Discussion
Paravertebral block (PVB) with catheter as sole anaesthesia was effective in all 35 patients. No patient had to be switched to GA, and no additional analgesics were required intraoperatively after the small single dose of ketamine given prior to surgery. However, even a very small ketamine dose has to be considered as a confounding factor, as patients with general anesthesia did not have any ketamine, but fentanyl for analgesia. The efficiency of PVB in our study suggests that ketamine prior to surgical incision is expendable. The propofol dosage given for continuous sedation did not compromise spontaneous breathing and does not provide analgesia. Compared to general anaesthesia (GA) less patients with paravertebral block needed postoperative pain therapy. Compared to Pusch et al. [15] , whose data were used for sample size calculation, additional morphine requirement was markedly different. In Pusch's study only 31% GA-patients and no (0%) PVB-patient needed morphine additional to NSAID, which was true in 63% and 40% resp. of our patients. However, our patients underwent considerably more extensive surgery, such as axillary approach: 100% in our study and only one patient (1.2%) in the study of Pusch. Patients with PVB had less postoperative analgesics requirement, lower pain scores, longer interval for first pain medication, earlier readiness for discharge and similar PONV rate.
Catheter position
Applying the described PVB catheter-technique local anaesthetics can be injected at different sites, given that the catheter is deep enough with no kinking. Therefore the proper position of Readiness for discharge* (hrs), mean ± SD 6.5 ± 2.5 4.9 ± 0.5 0.04 GA = general anaesthesia, PVP = paravertebral block Data are median (max-min), unless otherwise specified; PACU = Postoperative Care Unit; GA = general anaesthesia, PVP = paravertebral block; *In accordance with Post Anaesthetic Discharge Scoring System (PADSS) [14] doi:10.1371/journal.pone.0129539.t002 Table 3 . Patients with postoperative morphine; entire stay. the catheter is crucial. Though the puncture was perpendicular to the skin and the needle was redirected in some but not all patients maximal 10°, which is from 90 to 80°, all catheters could be advanced into proper position. Only in seven patients we either had to manipulate the needle or add fluid to dilate the paravertebral space. We guess the accurate position of the needlepoint is crucial, which can be achieved best using ultrasound. Clinical effect and lack of significant side effects in all PVB patients indicated the catheters being in the scheduled position, which was confirmed by radiography after contrast agent injection in 4 patients, and spread of LA observed with ultrasound during all injections. Ultrasound using the linear-probe technique was applied during the whole process of needle insertion incl. the moment of loss of resistance (LOR), and during the three times of volume injection (10 ml each). Accuracy of ultrasound was excellent; pleura movement during injection could be observed. Usefulness of sonography to control needle insertion depth during PVB application has been demonstrated by Pusch et al. [16] in female patients undergoing unilateral breast surgery. Due to limited tissue penetration of linear probes [17] the complete LA-spreading upward after the first injection at T1 could not be observed with certainty. However, a kinking of the catheters can be excluded with high likelihood.
Patients requiring morphine

Doses of local anaesthetics used
The patients' received 10 ml Bupivacaine 0.5% (50 mg) plus 20 ml Lidocaine 2% (400 mg). Mixing local anaesthetics therapists try to take advantage from both, fast onset (2% Lidocaine) and long lasting effect (0.5% Bupivacaine). Maximum doses are still debated [18, 19] , and there are no conclusive data adding this way or that way to the controversy. The opinion of de Jong [20] that mixture of LA doesn't increase the toxicity of the parent drug was not disproved yet. Recommended maximal doses, when adding epinephrine as we did, are 175-225 mg for Bupivacaine and 500 mg for Lidocaine [21] . We consider the mixture of 50 and 400 mg respectively to be safe.
PVB properties and practice
Our study is the first with one puncture and three injections at different dermatome levels as sole anaesthetic technique in extensive breast surgery. Using a catheter in proper position enables multiple injections at different sites and at a single puncture. In the few prospective randomized studies so far comparing PVB as sole anaesthetic technique with general anaesthesia for breast surgery, from one up to seven injections (punctures) have been applied [5, 8, 9, 15, 22, 23] , but never with a 100% success rate as in our study. Pusch et al. [15] reported 44 patients with breast surgery receiving single injection PVB at T4 level and a failure rate of 6.8%. Cooter et al. [5] performed 172 single-injections PVB in 100 patients with submuscular breast augmentation; the failure rate was 13%. Naja and co-workers [24] performed PVB with single, two, three or four injections (punctures) at different levels in a mixed patient-population undergoing mainly mastectomy (22-61%) and laparoscopic cholecystectomy (33-52%). Four injections resulted in sufficient anaesthesia in 97% of the patients, whereas one injection was effective in only 11%. Klein et al. [8] applied seven paravertebral injections, 4 ml each (T1-T7), in patients with cosmetic breast surgery, as sole anaesthetic technique with an overall failure rate of 13.3%. The incidence of relevant complications associated with PVB may be low [10, 25] . The severity of events however, such as pleural or vascular puncture, severe hypotension, bilateral epidural and intrathecal spread [2, 10, 25, 26] should be a matter of concern. Thomas et al. reported a case of pulmonary hemorrhage after paravertebral block [13] , which was commented by Hill and Greengrass [27] . In their response Thomas et al. stated, 'We would question the wisdom of multiple injections given that even in experts hand there is a risk of complications with each pass of the needle', something we completely agree on. Though there are no conclusive data yet including our study, it can be assumed that the complication rate increases with the number of punctures being applied per patient. The method described in this study enables the application of PVB as sole anaesthesia even in extended unilateral surgery, without the risk of multiple punctures.
We did not experience relevant anatomy-related difficulties or clinical complications. However, waiting for the onset of PVB caused a 20-minutes preoperative delay, which may interfere with organisational and financial issues, especially in ambulatory surgery. Twenty minutes are Table 6 . Pain assessment on the ward using visual rating scale (VRS; 1-10). equivalent to 0.33 hours; something we have to bear in mind judging readiness for discharge, thus being 5.23 instead of 4.9 hrs for PVB patients. Additionally it is no method for beginners, thus limiting its use for some departments during daily routine. Paravertebral block cannot replace epidural analgesia (EDA); we do not see the two methods in competition. We agree with Breivik and Norum [11] , that downgrading EDA and upgrading PVB is not justified.
Strength of the study
Our study demonstrates that using a paravertebral catheter sufficient surgical analgesia for extensive breast surgery is achievable. Most importantly the method allows control of the spread of analgesia. Hence catheter-PVB as described adds to the repertoire of neuroaxial blocks, particularly when unilateral thoracic anaesthesia/analgesia with adequate spreading but limited sympathetic effect is required.
Weaknesses of the study, prospects
The method applied in our trial needs outstanding 'craftsmanship', excellent knowledge of anatomy and skill in handling ultrasound. The sedation applied, though without analgesic effect may have been overcautious; a lighter sedation should suffice. Regarding postoperative pain control our study does not prove key advantages for PVP compared to GA. Though we found statistically significant differences in morphine requirement a difference of 1.2 mg in total morphine consumption is of no clinical relevance. Regarding VRS-score there have been patients with VRS 10 in both groups, though considerably more after general anaesthesia (Tables 5 and 6). As a conclusion the catheter should remain in situ when strong and long lasting postoperative pain is expected.
Future studies should apply catheter PVB to different surgical procedures and try to find the minimal necessary dose of local anaesthetics for the respective surgical approach. In addition the potential of a paravertebral catheter remaining in situ for postoperative pain therapy needs further evaluation.
Conclusions
Surgical anaesthesia by multiple-level injection one-puncture PVB with catheter can be an alternative to general anaesthesia not only for extensive breast surgery but in various thoracic unilateral surgical settings. As a potential benefit the catheter can remain in situ for postoperative use. Catheter placement in proper position requires skill and experience. The procedure is time-consuming; hence its application has to be substantiated. 
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